Introduction {#section1-2374373519846659}
============

Patients presenting to the pediatric emergency department (PED) with orthopedic injuries often require interventions prior to discharge ([@bibr1-2374373519846659]). This may necessitate procedural sedation (PS) in order to maintain patient comfort, procedure tolerance, and success ([@bibr2-2374373519846659]). Procedural sedation produces an altered level of consciousness that allows patients to tolerate unpleasant procedures ([@bibr3-2374373519846659]). In most institutions, the process of PS for orthopedic injuries requires the coordination of several members of the care team, including orthopedics and emergency medicine or pediatrics residents, pediatric emergency medicine (PEM) fellows and attendings, nurses, and respiratory therapists.

This coordination occurs within busy academic emergency departments, in which the frequency of interruptions is high, leading to potential delays, overcrowding, and increased wait times ([@bibr4-2374373519846659],[@bibr5-2374373519846659]). This is associated with patient dissatisfaction and increased morbidity and mortality ([@bibr6-2374373519846659] [@bibr7-2374373519846659]-[@bibr8-2374373519846659]). Patient satisfaction influences future health-care utilization, compliance with treatment plans, and willingness to return to the same provider or facility ([@bibr8-2374373519846659] [@bibr9-2374373519846659]-[@bibr10-2374373519846659]).

Streamlining processes in the PED is important for reduced wait times, efficient patient care, and resource allocation. Inefficiencies associated with PS have an effect on the remainder of the PED, as resources are often shared among patients presenting for a variety of complaints. The goal of this investigation was to establish a process time line for patients presenting to the PED for orthopedic injuries in which PS is required.

Methods {#section2-2374373519846659}
=======

Study Design {#section3-2374373519846659}
------------

We performed a retrospective review of all patients presenting to the PED who required PS for orthopedic injuries between November 2, 2017, and June 20, 2018. Data were collected by chart review. This study was reviewed and approved by our institutional review board (protocol \#180951).

Study Setting and Population {#section4-2374373519846659}
----------------------------

This study was performed in a high-volume, academic PED with approximately 53 000 visits annually, serving as a major referral source for regional pediatric orthopedic injuries. The majority of patients are initially evaluated by trainees (residents or fellows) or nurse practitioners prior to assessment by attending physicians. Orthopedic surgery consults are placed, when indicated, and patients are evaluated by a resident from this team prior to PS and their performance of the indicated procedure. Our institution has 24-hour, in-house orthopedic coverage. Procedural sedations are performed by PEM attending physicians who are present through the entirety of the procedure. Representatives from nursing and respiratory therapy are present through the entire procedure. It is a policy at our institution that all patients have nothing by mouth (NPO) at least 4 hours prior to nonemergent PS.

Patients were eligible for inclusion if they had PS performed in the PED for an orthopedic procedure. These procedures included fracture reduction, joint aspiration, and hand laceration repair. Patients were excluded from the study if they underwent PS for procedures performed by PEM providers or consultants other than orthopedic surgery, for patients in whom any additional consultants were involved in the patients' care, or when no PS was ultimately performed in the PED.

Study Protocol {#section5-2374373519846659}
--------------

A list of patients in whom PS was performed was generated utilizing billing codes applied to patient visits during the study period. Investigators developed a data dictionary and source hierarchy for review of the electronic medical record (EMR). Before study commencement, investigators jointly reviewed 5 patient charts, during which the source hierarchy was refined. These patients were included in the final study sample.

The list of potentially eligible patients was divided among 3 investigators. Patient charts were evaluated for inclusion eligibility and data were abstracted through a structured review of the patient encounter for eligible patients. In patients deemed ineligible for inclusion in this study, the reason for exclusion as well as discharge diagnosis was recorded. Data were abstracted from the EMR and input directly into a Research Electronic Data Capture (REDCap) database hosted at Vanderbilt University Medical Center ([@bibr11-2374373519846659]). If a data element was unavailable in the EMR, it was considered missing for that patient.

To further increase the reliability of our data collection, each of the 3 investigators additionally performed an independent review and data abstraction of 10% of the other investigators' assigned records. This data abstraction was also recorded in the REDCap database.

Measures {#section6-2374373519846659}
--------

Data collection consisted of times of specific events during the patient's PED visit, including date and time of patient arrival, patient placement into a room in the PED, first provider evaluation (defined as the time any physician first examined the patient), initial X-ray order, start of initial X-ray, end of initial X-ray, initial X-ray interpretation, orthopedics consult order placement, NPO time, the start of sedation documentation, the start of procedure, first dose of sedative, the end of procedure, the end of sedation documentation, order for postprocedure imaging, completion of postprocedure imaging, patient disposition order, patient discharge, and patient disposition. In patients who were admitted, a discharge time was not recorded. The primary outcome measure was an assessment of the time spent in various phases of care throughout the PED visit for patients with orthopedic injuries undergoing PS.

Data Analysis {#section7-2374373519846659}
-------------

Descriptive statistics were generated for continuous variables. To measure interrater reliability, an intraclass correlation coefficient (ICC) for absolute agreement was calculated using 2-way analysis of variance. Data analysis was performed with SPSS (IBM Corp. Released 2017, IBM SPSS Statistics for Macintosh, Version 25.0; IBM Corp, Armonk, New York).

Results {#section8-2374373519846659}
=======

There were 348 potentially eligible patients identified through billing queries of patient encounters between November 2, 2017, and June 20, 2018; 189 (54%) of these patients made up the final study sample ([Figure 1](#fig1-2374373519846659){ref-type="fig"}). Thirty-five charts were co-reviewed; the ICC was 0.969 (95% confidence interval: 0.959-0.967), indicating excellent agreement between raters.

![Patient inclusion and exclusion flowchart.](10.1177_2374373519846659-fig1){#fig1-2374373519846659}

For all patients with orthopedic injuries requiring PS, the median time to PS was 214 minutes (interquartile range \[IQR\]: 160-282). The median time to disposition was 320 minutes (IQR: 257-402). For those patients discharged from the PED (n = 154), the median visit duration was 375 minutes (IQR: 312-456). This included all but 1 case in which a procedure start time was not recorded. The median NPO time was 443 minutes (IQR: 332-593), and 41% were ready for sedation by NPO time on arrival to the PED. Four cases were missing from this measure, in which no NPO time was recorded. [Figure 2](#fig2-2374373519846659){ref-type="fig"} depicts the overall PED visit for these patients, broken down by phases of care during the process.

![Time line for patients presenting to the pediatric emergency department with orthopedic injuries requiring procedural sedation.](10.1177_2374373519846659-fig2){#fig2-2374373519846659}

Discussion {#section9-2374373519846659}
==========

This study was an effort to better understand the process of PS for patients with orthopedic injuries in the PED. We chose to focus on orthopedic injuries, as more than half of PSs in the PED require orthopedic consultation. Process improvement is iterative, and we chose to focus our attention on a specific group of patients, providers, and conditions ([@bibr12-2374373519846659]). Half of the patients in this study waited 5 or more hours for PS for their orthopedic injuries, and the total time spent in the PED was more than 6 hours in greater than half of patients who were ultimately discharged. While few other studies have evaluated this process in the PED, these results are similar to those reported by Bawden et al for adult patients with either orthopedic injuries or in whom cardioversion was required ([@bibr13-2374373519846659]).

Inefficiencies are likely related to problems with communication and coordination occurring within a busy, academic PED. The traditional flow of the PED and nature of providers to multitask while caring for multiple patients lends itself to breakdown in both communication and care coordination. This is reflected in the time between orthopedic consult and procedure start, with an interquartile range of 78 to 170 minutes suggesting a high degree of variation for patients in this study. These inefficiencies contribute to PED overcrowding, prolonged patient wait times, and reduced patient satisfaction with care delivery ([@bibr4-2374373519846659],[@bibr8-2374373519846659],[@bibr13-2374373519846659]). The knowledge gained from this study has additionally offered the opportunity to reexamine policies around patient monitoring ([@bibr14-2374373519846659]) and NPO status ([@bibr15-2374373519846659]).

In summary, there are many processes contributing to the length of stay for patients presenting to the PED with orthopedic injuries requiring PS. Our next steps will utilize quality improvement methodology focused on process standardization, improved communication, and reduced variation to evaluate the effects of targeted interventions on the process of PS for orthopedic injuries in the PED and patient experience during the process.

Limitations {#section10-2374373519846659}
===========

We have identified several limitations in this study. First, this is a retrospective chart review, and the limitations inherent to this type of study are present here. We attempted to mitigate this by adhering to quality standards of retrospective reviews as well as perform measures of interrater agreement, finding excellent agreement between raters on co-abstracted data. Second, this study was performed over nearly 8 months at a high-volume academic PED, and the results may not be generalizable across all institutions in which pediatric patients present with orthopedic injuries. Additionally, this study focused specifically on PS in which orthopedic injuries required intervention. Thus, we have a cohort of patients who are sedated in the PED in whom we have not studied. This was intentional, as our improvement efforts are focused on orthopedic injuries prior to generalization to other patient populations. Still, these data may not be reflective of patient presenting to the PED requiring sedation for nonorthopedic complaints.
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